This paper summarizes the design and application of a genend diserete-event simulation model of a rapid transit system. The model incorporates features of both 3-aspect, manual control and automatic train control.
INTRODUCTION
In this paper we present a general model of a rapid transit system that has been used to address a number of complex issues arising in the operation and scheduling of vehicles in a rapid transit system. The model has been used to analyze schedules, signaling design, block design, single tracking, and temporary speed restrictions. It has been used on both existing and proposed systems.
We discuss model objectives, input data requirements, model architecture, model outputs, and verification.
Certain unique and interesting features of the model architecture are discussed in detail.
Finally, we briefly discuss the model's application to the Metropolitan Atlanta Rapid Transit Authority (MARTA) system and the Toronto Transit Commission (TTC) system. MARTA is a m~ds ystem having automatic train control (ATC), while TTC is an older manually controlled system based on a 3-aspect signaling system. The speed of a train is primarily controlled via "control lines", which give the allowed speed of a train depending on the number of unoccupied blocks between its head and the tail of the train immediately ahead of it. In addition, manual systems may have grade-timed or station-timed blocks, namely, a specified minimum time for traversing a given block. Both manual and ATC systems require a stopping profile for trains entering a station and stopping to dwell at a platform.
In the mrtnuat system, the stopping profile is pre-computed for each platform based on the desired braking rate and the actual grade(s) preceding the platform.
Basically, it gives speed as a function of distance-to-go. The profile covers a distance preceding each platform sufficient to allow a train to stop at its maximum allowed control line speed. When a train is subject to more than one speed indication (such as a profile speed and a control line speed), it always obeys the lower speed. For ATC systems, the stopping profile is a user input and the train alternately brakes and cruises to follow the profile into the station so that the midpoint of the train stops at a designated point on the platform.
Otherwise, the rules for following profile speeds are similar for manual and ATC systems. One major difference between manuat and ATC systems revolves around anticipation of upcoming speed changes.
In an ATC system, not counting a stop at a station, a train receives a command to decrease speed or stop only when its head crosses a block boundary or it falls under a profile. At that point, it begins decelerating. In contrast, in a manual system, the driver is expected to see a yellow or red signal ahead and to anticipate the speed required, decelerating ahead of time in order to be at the desired speed when the head of the train reaches the signal.
(The red or yellow signal, plus posted speed limits and grade-time or station-timed signals, is a visual indicator to the driver for the control line speed that appeam on engineering drawings and is used in the model.) In order to anticipate this speed decrewe (depending on -ndk;e.s &ead), we precompute stopping and/or slowing profiles for the end of each signal block.
As the head and mid tables plus the profile speed tables represent a massive amount of data, one requirement for any simulation language used is the capability to utilize all memory available on a modern 386 PC or to have efficient access to a database. Of course, with the data in memory versus in a database, a model will run considerably faster.
We chose to have all data in memory; typical models require from 3t08MB of RAM.
Model of the Train
Each train is modeled as a dynamic entity (GPSS Tail of train crosses a block boundary As discussed, some of these events affect the given train, while others may affect the following train.
Note also that tail events occur at the same points as head events, thus all tail events are implicitly defiied by the head table.
For each distance-related event, the train entity maintains a distance-to-go until that event occurs. At any point in simulated time, the train need only consider its next (or imminent) distance-related event.
The time until this event will occur cannot always be computed ahead of time because, among other things, the location and movement of other trains affect the allowed speed of this train. Each train is modeled through both time and distance. At any given time, a train is either accelerating, cruising (speed maintaining), or braking, depending on whether its command speed is greater than, equal to, or less than its actual speed, and also depending on whether or not the train is under a stopping profile.
(At present, we do not model coasting, namely, a train moving without applying either an acceleration or braking force.)
For acceleration and braking, the model uses a time and distance step equivalent to a change in velocity of 1 foot per second. If a step of 1 footkc will take the train past its imminent distance event, then this value is reduced proportionately and the next step takes the train to its imminent event.
At each such event, the allowed speed of the train or the immediately following train may change. As we previously discussed in Section 2.4, we used Proof Animation to animate train movement over the track layout.
The model generates a trace file that drives the animation over a pre-drawn layout.
The bulk of the layout file is drawn using a CAD system and translated into Proof layout format. The animation depicts moving trains as one object, or optionally each vehicle in a train may be depicted. It also displays the trains current control line speed. Currently, it does not display signal aspect (red, yellow or green) for manual systems because of DOS memory limitations; a later model version may use the 32-bit DOS extended version of Proof and show signal aspects.
The Proof layout may or may not be drawn to scale. For animation purposes, the model tracks actual length versus drawn length of each block, so that the head of the train is always in the "correct" (i.e., proportionate) position on screen.
Since the vehicles are drawn to scale, this means that for blocks not drawn to scale that the tail of a train may apparently be in the wrong position; however, in the model, both the head and tail are at their correct position.
The major consequences are that (1) a control speed may change before or after the animated tail crosses a block boundary, or worse, (2) if one or more adj scent blocks are drawn shorter than actual length, two animated trains may overlap when in the simulation they are maintaining their proper distance. The solution to the second problem is to draw blocks close to scale or longer than scale. 
